
2.7  Answers to 2.6 Exercise
Further A-Level Pure Mathematics, Core 2

 Differential Equations II
Answer 1

 dy 
 dx 

− 3y = ex

P (x) = − 3  Q (x) = exand  

∫ P (x)  dx = − 3 ∫ 1 dx = − 3x

(constant of integration safely omitted)

I = e∫ P(x) dx = e− 3x

  e− 3x 
 dy 
 dx 

− 3 e− 3x y = e− 3x ex    IMultiplying through by

 xIntegrate both sides with respect to 

   ∫  e− 3x 
 dy 
 dx 

− 3 e− 3x y   dx = ∫  e− 2x  dx

e− 3x y = − 
 1 
 2 

 e− 2x + c

y = − 
 1 
 2 

 ex + c e3x

[ 5 marks ]
Answer 2

 dy 
 dx 

+ y =  x

P (x) = 1  Q (x) = xand  

∫ P (x)  dx = ∫ 1 dx = x

(constant of integration safely omitted)

I = e∫ P(x) dx = ex

  ex 
 dy 
 dx 

+  ex y = xex    IMultiplying through by

 xIntegrate both sides with respect to 

   ∫  ex 
 dy 
 dx 

+  ex y  dx = ∫  x ex  dx

ex y = x ex −  ∫  ex + k   kfor some real constant,

= x ex − ex + c  cfor some real constant, 

y = x − 1 +  
 c 
 ex 

[ 5 marks ]



Answer 3

      x  
 dy 
 dx 

+ y = 1( i )

 dy 
 dx 

+
 y 

  x  
=

 1 
 x  

 x > 0        OK as 

P (x) = x
−  1 

 2   Q (x) = x−  1 
 2 and  

∫ P (x)  dx = ∫ x
−  1 

 2  dx = 2 x
 1 
 2 

(constant of integration safely omitted)

I = e∫ P(x) dx = e2  x 

  e2  x  
 dy 
 dx 

+  
 e2  x  y 

  x 
=

 e2  x  
 x 

   IMultiplying through by

 xIntegrate both sides with respect to 

   ∫   e2  x  
 dy 
 dx 

+  
 e2  x  y 

  x 
  dx = ∫  

 e2  x  
 x 

  dx

e2  x  y = e2  x + c   cfor some real constant,

y = 1 +
 c 

 e2  x  
[ 6 marks ]

       x  
 dy 
 dx 

+ y = 1( ii )

 x  
 dy 
 dx 

= 1 − y

 1 
 1 − y 

 
 dy 
 dx 

= x
−  1 

 2 

∫
 1 

 1 − y 
 dy = ∫  x−  1 

 2  dx

(− 1) ln | 1 − y | =  2 x
 1 
 2 + c1

ln | 1 − y | = − 2  x + c2

| 1 − y | = C e− 2  x  C         for some positive real constant, 

1 − y = B e− 2  x  Bfor some real constant, 

y = 1 +
 A 

 e2  x      as before

[ 6 marks ]



Answer 4

     
 dy 
 dx 

+ 2 tan (x)  y = cos3 (x)      ( i )

P (x) = 2 tan (x)   Q (x) = cos3 (x)and  

∫ P (x)  dx = 2 ∫ tan (x)  dx = 2 ln | sec (x)  | = ln | sec2 (x)  | = ln ( sec2 (x)  )
(constant of integration safely omitted)

I = e∫ P(x) dx = eln( sec2(x) ) = sec2 (x)
 dy 
 dx 

+ 2 tan (x)  y = cos3(x)

I Multiplying through by gives,

  sec2 (x)
 dy 
 dx 

+ 2 tan (x)  sec2 (x)  y = sec2 (x)  cos3 (x)  

∫ sec2 (x)
 dy 
 dx 

+ 2 tan (x)  sec2 (x)  y  dx = ∫  cos (x)  dx

sec2 (x)  y =  sin (x) + c

 y 
 cos2 (x)  

= sin (x) + c

y = cos2 (x) ( sin (x) + c )
[ 7 marks ]

  y = 2    x = 0,( ii ) Inserting the fact that  at

2 = cos2 (0) ( sin (0) + c )     c = 2gives

∴  y = cos2 (x) ( sin (x) + 2 )  .is the particular solution

[ 3 marks ]



Answer 5
 dy 
 dx 

+ 2xy =  x3

P (x) = 2x  Q (x) = x3and  

∫ P (x)  dx = 2 ∫ x dx = x2

(constant of integration safely omitted)

I = e∫ P(x) dx = ex2

      
 dy 
 dx 

+ 2xy =  x3

Multiplying through by I gives,

ex2
 
 dy 
 dx 

+ 2x ex2
 y = x3 ex2

∫ ex2
 
 dy 
 dx 

+ 2x ex2
 y = ∫  x3 ex2

 dx

ex2
 y =

 1 
 2 ∫  x2 ( 2x ex2

 )  dx          use LIDI (by parts)

=
 1 
 2 

 x2 ex2
−

 1 
 2 ∫  2x ex2

 dx + k     kfor some constant,

=
 1 
 2 

 x2 ex2
−

 1 
 2 

 ex2
+ c       cfor some constant,

y =
 x2 
 2 

−
 1 
 2 

+ c e− x2

[ 8 marks ]
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